he presence of preinfarction angina pectoris (PIA) has been shown to have beneficial effects on left ventricular (LV) function and prognosis after acute myocardial infarction (AMI). [1] [2] [3] [4] [5] [6] [7] Recently, myocardial blush grade (MBG) has been shown to be a simple and useful marker of myocardial tissue-level reperfusion in AMI. [8] [9] [10] [11] Because the effect of PIA on MBG has not yet been investigated, we conducted the present study.
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Methods

Study Patients
We examined 142 consecutive patients (115 men, 27 women, mean age 61±11 years) with first anterior wall AMI who were admitted within 6 h after onset of symptoms and who met the following criteria: (1) typical chest pain lasting ≥20 min; (2) ST-segment elevation ≥0.2 mV in ≥2 adjacent precordial leads on the admission electrocardiogram; (3) an increase in the serum creatine kinase (CK) level more than twice the normal value; (4) no other heart or lung disease; (5) emergency coronary angiography and coronary angiography and left ventriculography performed at predischarge; and (6) adequate assessment of MBG after reperfusion. Informed consent for revascularization therapy and follow-up catheterization was given by all patients.
PIA was defined as typical chest pain within 48 h before onset of AMI. Diabetes mellitus (DM) was considered present if this diagnosis and treatment, including diet, drugs, or insulin, had been given to the patient or if an abnormal oral glucose tolerance test or hemoglobinA1c ≥6.5% was found after admission.
Cardiac Catheterization
Emergency coronary arteriography was performed using the Judkins or Amplatz technique. Multiple projections were recorded to ensure optimal visualization of the coronary vessels. The coronary flow in the infarct-related artery was graded according to the classification used in the Thrombolysis In Myocardial Infarction (TIMI) trial. 12 Proximal left anterior descending coronary artery (LAD) occlusion was defined as an occlusion of the artery proximal to its first septal branch. The grade of collateral filling in the LAD was determined according to the criteria of Rentrop et al. 13 A collateral circulation with a grade of 2 or 3 was defined as "good". After angiographic confirmation of total or subtotal occlusion of the LAD, primary coronary angioplasty was performed. If an optimal result (residual stenosis <50% without severe dissection) could not be obtained by balloon coronary angioplasty, coronary stenting was performed (n=59). Successful reperfusion was defined as the establishment of TIMI grade 3 flow in the infarct-related artery on the final coronary arteriogram. MBG was evaluated as follows 8 on the final left coronary angiogram in the lateral view after reperfusion: 0= no myocardial blush or contrast density; 1= minimal myocardial blush or contrast density; 2= moderate myocardial blush or contrast density, but less than that obtained during angiography of the con-
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Measurements of Serum CK Levels
Venous blood samples for determination of the peak CK level were obtained every 3 h during the first 24 h and once daily from the second day until reaching a normal value.
Statistical Analysis
Data are expressed as mean ± SD. Continuous variables were analyzed by the unpaired t-test or Mann-Whitney Utest. Univariate and multivariate logistic regression analysis was performed to determine independent factors of MBG 2 or 3 after reperfusion. The variables used for univariate analysis were age, gender, coronary risk factors, PIA, time elapsed from the onset of symptoms to admission, initial TIMI flow grade, good collateral circulation to the LAD, multivessel disease, proximal LAD occlusion, and use of coronary stent. Multivariate logistic regression analysis was performed using variables that showed p<0.2 in univariate regression analysis. A p-value <0.05 was considered statistically significant. Table 1 shows the clinical and angiographic characteristics of the study patients. Distal protection devices were not used in any of them. Patients with MBG 2 or 3 (n=103) had a higher frequency of PIA and a lower frequency of DM than those with MBG 0 or 1 (n=39) (57% vs 28%, p=0.004, and 23% vs 44%, p=0.03, respectively). The former had a higher incidence of TIMI flow 3 after reperfusion, a lower peak CK level, and a greater LVEF at predischarge than the latter (98% vs 72%, p<0.0001; 3,652±2,440 vs 5,507± 3,058 IU/L, p=0.0002, and 57±12% vs 45±11%, p<0.0001, respectively). Patients with PIA (n=70) had a greater MBG, a lower peak CK level, and a greater LVEF at predischarge than those without it (n=72) (2.0±0.6 vs 1.7±0.8, p=0.02, 3,280±2,107 vs 5,020±3,017 IU/L, p=0.0001, 59±11 vs 49±13%, p<0.0001, respectively) ( Table 2) . Table 3 shows the results of univariate and multivariate logistic regression analysis performed to determine independent factors of MBG 2 or 3 after reperfusion. Variables with a value of p<0.2 on univariate regression analysis (PIA, DM, hypertension, and good collateral circulation) were used for the multivariate logistic regression analysis, which showed that PIA (p=0.004) and DM (p=0.03) were independently associated with MBG 2 or 3 after reperfusion.
Results
Discussion
The present study results indicate that PIA and DM are associated with MBG 2 or 3 after reperfusion in first anterior wall AMI. As MBG is a simple and useful marker of myocardial tissue-level reperfusion in AMI, [8] [9] [10] [11] the results indicate that PIA has protective effects against myocardial tissue-level damage in AMI. The beneficial effects of PIA can be attributed to a reduction in infarct size through myocardial ischemic preconditioning. 1,2,15 PIA could also protect from coronary microvascular damage after reperfusion through microvascular ischemic preconditioning. 16 Ischemia/reperfusion generates reactive oxygen species (ROS), 17 which induce impaired endothelium-dependent relaxation and platelet aggregation in arterioles, resulting in vasospasm and thrombosis. 18, 19 Capillary endothelial cell swelling, leukocyte-capillary plugging, and leukocytedependent edema after reperfusion lead to capillary noreflow. [20] [21] [22] [23] [24] In postcapillary venules, ROS promotes the production of chemotactic mediators and the expression of adhesion molecules on the surface of leukocytes and endothelial cells, contributing to endothelial barrier disruption and leukocyte adhesion. 25, 26 These changes after reperfusion lead to microvascular damage. Experimental studies have shown that ischemic preconditioning induces the development of protected phenotypes in endothelial cells lining arterioles, capillaries, and venules. 18, [27] [28] [29] [30] [31] [32] As a consequence of ischemic preconditioning, vasospasm and thrombosis are less likely to develop in arterioles, capillary perfusion deficits are reduced, and the inflammatory responses in the postcapillary venules are prevented. Thus, ischemic preconditioning could contribute to high MBG at risk area in AMI patients with PIA.
Previous studies have demonstrated that DM is associated with an adverse outcome after AMI. 33, 34 Angeja et al 35 reported that despite an equal rate of TIMI 3 flow after thrombolytic therapy and adjunctive/rescue percutaneous coronary intervention (PCI), diabetic patients had a lower incidence of complete ST-segment resolution after revascularization therapy than nondiabetic patients, suggesting that impaired microvascular flow is greater in the former than in the latter. Our evaluation by MBG provided additional information that the presence of DM affects myocardial tissue-level perfusion in patients with AMI. This unfavorable effect of DM on myocardial tissue-level perfusion may contribute at least in part to the poorer outcomes observed in diabetic patients with AMI. 33, 34 The exact mechanisms for impaired myocardial tissue-level perfusion after reperfusion in diabetic patients with AMI are unclear, but several have been proposed. First, preexisting impaired endothelium- dependent vasodilation, [36] [37] [38] preexisting impaired autoregulatory response of microvessels to increased myocardial demands 39, 40 and preexisting structural changes in the coronary microvasculature 41 could been involved in the poor MBG after reperfusion in patients with DM. Second, hyperglycemia itself could enhance micovascular damage after reperfusion by the generation of ROS via multiple pathways. 42 
Study Limitations
First, our study sample was relatively small. Second, we examined only selected patients with anterior wall AMI. Therefore, our results might not be applicable to all patients with anterior wall AMI or those with other types of AMI. Third, because we did not record the electrocardiogram at 60 min after reperfusion in all the patients, we could not evaluate the relationship between PIA with ST-segment resolution, another marker of myocardial tissue-level reperfusion in AMI. [43] [44] [45] [46] Takahashi et al 47 recently reported that PIA is associated with a greater degree of resolution of ST-segment elevation in patients with TIMI 3 flow after primary PCI. The relationship between PIA and resolution of ST-segment elevation or MBG remains to be further investigated. Fourth, PCI-induced distal embolism could have affected MBG after reperfusion. However, it is unlikely that the incidence of this type of embolism differed between patients with and without PIA. In addition, the use of distal protection devices also could affect MBG after reperfusion in AMI patients at high risk of clinically relevant embolization. 48 None of the present patients had these devices.
Conclusions
This study indicates that PIA is associated with MBG 2 or 3 after reperfusion in patients with first anterior wall AMI, suggesting that PIA has beneficial effects on myocardial tissue-level reperfusion.
